Objective: To prospectively examine whether men with restless legs syndrome (RLS) had an increased risk of mortality.
whether men with RLS have an increased risk of mortality, with and without adjustment for known risk factors for mortality, in 18,425 men participating in an ongoing US prospective cohort, the Health Professionals Follow-up Study (HPFS). In a secondary analysis, we also explored the association between RLS and mortality among an apparently healthy population, who were free of common chronic conditions. METHODS Study population. The HPFS was established in 1986, when 51,529 male US health professionals (dentists, optometrists, osteopaths, podiatrists, pharmacists, and veterinarians) aged 40-75 years completed a mailed questionnaire about their medical history and lifestyle. Follow-up questionnaires were mailed to participants every 2 years to update information on potential risk factors and to ascertain newly diagnosed diseases.
In 2002, 31,722 men who were still alive and actively participating in the study completed RLS questions, 5 which were developed based on the International RLS Study Group (IRLSSG) criteria (appendix e-1 on the Neurology ® Web site at www.neurology.org). 15 A participant who had symptoms $5 times per month and answered yes to the subsequent questions was considered to have RLS; others (including men with symptoms 1-4 times per month) were classified as no RLS. To reduce possible misclassification of RLS, we excluded participants with diabetes, arthritis, and renal failure through the follow-up period, leaving 18,423 men in our primary analyses. In a sensitivity analysis, we further examined the association between RLS and mortality including all participants with RLS information.
Standard protocol approvals, registrations, and patient consents. Ascertainment of deaths. Deaths were identified from state vital statistics records, the National Death Index, family reports, and the postal system. 16 The follow-up for death in the HPFS is at least 98% complete. Cause of death was identified from death certificates or review of medical records. For this analysis, we separately evaluated all-cause mortality, death from cardiovascular disease (CVD) (ICD-8 codes 390 through 458), cancer (ICD-8 codes 140 through 207), and other conditions. Assessment of other covariates. Information on potential confounders, such as age, ethnicity, smoking status, weight, height, physical activity, multiple vitamin supplement, iron-specific supplement, medication use (e.g., aspirin, antidepressants, and antihypertensive drugs), and history of major chronic diseases (e.g., cancer, elevated total cholesterol, hypertension, Parkinson disease [PD], emphysema or chronic bronchitis, chronic obstructive pulmonary disease, pneumonia, asthma, pernicious anemia, ulcerative colitis or Crohn disease, and renal failure) was collected via biennial questionnaires throughout the follow-up period. Body mass index (BMI) was calculated as weight (kg)/height (m) 2 . High blood pressure was recorded as either hypertension or use of antihypertensive medications. The CVD events included myocardial infarction, stroke, coronary bypass, coronary angioplasty, and angina pectoris. 17 Information on sleep duration and snoring frequency was also collected in the 2000 questionnaire. In 2004, we asked questions regarding insomnia symptoms and excessive daytime sleepiness 18 (appendix e-1).
Information on food and alcohol consumption was collected every 4 years via a validated, semiquantitative food frequency questionnaire. 19 Diet quality was assessed by the Alternate Healthy Eating Index (AHEI), which has been shown to be associated with a lower risk of major chronic diseases, including death, in our cohort. 20 Statistical analyses. Person-years for each participant were calculated from the date the 2002 questionnaire was returned to the date of death; January 30, 2010; or the date of return of their last questionnaire, whichever came first.
We categorized participants into 3 groups: no RLS, RLS with symptoms 5-14 times/month, and RLS with symptoms 151 times/month. We used time-dependent Cox proportional hazard models to assess the hazard ratio (HR) of all-cause mortality and RLS status during follow-up. In addition, we analyzed CVD mortality and cancer mortality separately.
We adjusted for the potential risk factors of mortality, including age, BMI, physical activity, AHEI, ethnicity, smoking, alcohol consumption, multiple vitamin supplement, dietary iron intake and iron-specific supplement, use of medications and history of major chronic diseases, snoring, sleep duration, and presence of insomnia with daytime sleepiness. All covariables were updated time-dependent except ethnicity, sleep duration, and frequent snoring. We examined potential factors (appendix e-1) that may modify the association between RLS and all-cause mortality.
We examined the joint associations of RLS and the potential biologic intermediates (CVD, high blood pressure, and insomnia with daytime sleepiness) with risk of total mortality. We also examined the joint association of RLS and cancer because we found some suggestive evidence that RLS tended to be associated with a higher cancer mortality (see Results for details). As the insomnia and daytime sleepiness information was collected in 2004, we analyzed the joint effect between RLS and insomnia with daytime sleepiness based on 6 years of follow-up (2004) (2005) (2006) (2007) (2008) (2009) (2010) .
We did a secondary analysis among an apparently healthy population, who were free of cancer, high blood pressure, CVD, PD, diabetes, arthritis, obesity, snoring every night, cancer, emphysema or chronic bronchitis, chronic obstructive pulmonary disease, pneumonia, asthma, pernicious anemia, ulcerative colitis or Crohn disease, and renal failure. We also did several sensitivity analyses. First, we excluded men with PD, which can co-occur with RLS. 21 Second, we excluded men using iron-specific supplement, having inadequate dietary intakes of iron, magnesium, folate, and vitamin B 12 (i.e., less than the estimated average requirement for each nutrient 22 ), regularly using benzodiazpines, and reporting physician-diagnosed multiple sclerosis (MS). Third, we examined the relationship between RLS and mortality based on the whole cohort adding back all excluded samples (i.e., individuals with diabetes, arthritis, and renal failure). Finally, we did the lag analysis by excluding deaths during the first 4 years of follow-up (i.e., [2002] [2003] [2004] [2005] [2006] .
RESULTS
Among the 18,425 participants, 690 (3.7%) men met the criteria of RLS at baseline. Compared to men without RLS, those with RLS were more likely to use antidepressant drugs, had more frequent insomnia complaints, and had a higher prevalence of high blood pressure, CVD, and PD (table 1) .
With up to 8 years of follow-up, we documented 2,765 deaths. In an age-adjusted analysis, men with RLS had an increased risk of total mortality compared to men without RLS, with a positive linear trend between frequent RLS symptoms and total mortality (table 2). These associations were slightly attenuated in the multivariable analyses controlling for age, BMI, lifestyle risk factors, presence of common chronic conditions, and sleep performance. The multivariable adjusted mortality hazard was 1.30 (95% confidence interval [CI] 1.11-1.52) comparing men with RLS and men without RLS. Further adjusting for the dietary intakes of iron, magnesium, folate, and vitamin B 12 , regular use of benzodiazepine, and having MS attenuated the association slightly (adjusted HR 1.25; 95% CI 1.07-1.47).
We observed no significant interactions between RLS and known risk factors for mortality (older age, overweight, short sleep duration, smoking, low physical activity, and low dietary quality; p for interaction .0.2 for all). The association between RLS and total mortality also persisted in subgroup analyses stratified by these variables (table 3) . Although men with hypertension, CVD, cancer, or insomnia with daytime sleepiness had statistically significant high risk of all-cause mortality, having any of these 4 conditions/diseases plus RLS predisposed men to a higher risk (figure 1).
When evaluating the cause-specific mortality, we found a significant association between RLS and other cause mortality (table e-1) , which was mainly derived by death due to respiratory disease (HR 1.73; 95% CI 1.03-2.89, p 5 0.04), endocrine, nutrition/metabolic diseases, and immunity disorders (HR 4.97; 95% CI 1.26-19.5, p 5 0.02), and diseases of the blood and blood-forming organs (HR 5.85; 95% CI 1.34-25.5, p 5 0.02). We also observed a positive trend between RLS and increased risk of CVD mortality or cancer mortality, though the associations were not statistically significant (table e-2).
The multivariable adjusted HR of total mortality was 1.92 (95% CI 1.03-3.56) among a relatively healthy group, after we excluded men with cancer, PD, high blood pressure, CVD, diabetes, arthritis, obesity, snoring every night, cancer, emphysema or chronic bronchitis, chronic obstructive pulmonary disease, pneumonia, asthma, pernicious anemia, ulcerative colitis or Crohn disease, and renal failure. Among this chronic diseasefree population, we also observed a dose-response relationship between RLS severity, as assessed by the symptom frequency, and increased risk of total mortality (p trend 5 0.03; figure 2 ).
We conducted several sensitivity analyses to test the robustness of our observations. We first excluded individuals with PD, a condition that is associated with RLS 19 ; the multivariable adjusted HR of total mortality comparing men with and without RLS was 1.31 (95% CI 1.12-1.54). Excluding the individuals with inadequate dietary intakes of iron, magnesium, folate, or vitamin B 12 (i.e., less than the estimated average requirement for each nutrient 22 ), regular use of benzodiazepine, or physiciandiagnosed MS did not materially change our results (HR 1.31; 95% CI 1.09-1.58). We then excluded fatal cases occurring during the first 4 years of follow-up; the multivariable adjusted HR of total mortality was 1.29 (95% CI 1.04-1.61). Finally, we conducted analysis based on the whole cohort by taking back all excluded samples and observed a multivariable adjusted HR of 1.16 (95% CI 1.04-1.29). DISCUSSION In this large prospective cohort, we observed that men with RLS had a higher risk of total mortality, which was independent of age, BMI, smoking status, physical activity, diet quality, antidepressant use, and sleep duration. The combination of RLS further increases the risk of total mortality in individuals with high blood pressure, CVD, cancer, or insomnia.
The mechanisms that underlie the association between RLS and mortality are not understood. RLS may increase risk of mortality through insufficient and disturbed sleep, which has been noted among most RLS sufferers, even in nonclinical populations. Short sleep duration has been consistently associated with total mortality, with a pooled HR of 1.12 (95% CI 1.06-1.18) compared to the reference groups in a recently published meta-analysis. 23 Increased risk of total mortality 12 and coronary artery disease mortality 24 had also been found in men with insomnia complaints. Causative mechanisms relating short sleep duration and sleep disturbance to adverse health include reciprocal changes of circulating levels of leptin and ghrelin, 25, 26 which facilitate the development of obesity, diabetes, and CVD by positive energy balance. However, in the present study, the association between RLS and mortality was independent of sleep duration, frequent snoring, and insomnia complaints, which implies that the association could not be completely explained by these sleep factors.
Another potential pathway between RLS and mortality is through the unfavorable effect of RLS on blood pressure and cardiovascular risk. RLS may lead to nocturnal hypertension through the influence of periodic limb movements of sleep (PLMS). 27 One recent study showed that the nondipping pattern of nocturnal blood pressure is more common in patients with RLS compared to controls, 28 which has been suggested to be an independent risk factor for cardiovascular events. 29 Positive associations between RLS and CVD had also been consistently observed in cross-sectional studies with ORs ranging from 1.4 to 2.9. 9 In one prospective study, a significantly higher risk of coronary heart diseases (HR 1.7; 95% CI 1.1-2.6) was found among people with RLS for .3 years relative to those without RLS. 30 In the present study, we observed that the combination of RLS with hypertension or CVD is associated with increased mortality. Although there was no meaningful attenuation of the RLS-mortality association with further adjustment for high blood pressure and CVD, it remains possible that the nocturnal blood pressure variations associated with RLS could be among potential underlying mechanisms for the observed association between RLS and mortality. RLS may also reflect an underlying neurodegenerative disorder. Though excluding individuals with PD did not materially change the results, we still could not rule out the possibility that RLS could be a preclinical symptom of PD or other neurodegenerative disorders. A previous study suggested that physician occupation was associated with a higher risk of PD and incidental Lewy body disease. 31 However, as a large proportion of patients with PD (;60%-90%) do not have RLS symptoms, 21, 32 this could only explain a part of the observed RLS-mortality association.
Presence of other common risk factors for mortality in patients with RLS may also increase the risk of mortality. 5, 10, 33 However, controlling for those variables in the main analyses or subgroup analysis based on status of those factors did not materially change the association between RLS and mortality. Further, we found that RLS was significantly associated with a higher risk of death primarily caused by respiratory disorders, diseases of blood and blood-forming organs, and endocrine, nutritional, or immunity disorders. This is consistent with previous observations that RLS may co-occur with chronic obstructive pulmonary disease 34 and iron-deficiency anima. 35 Further, previous studies have also reported a relationship between RLS and several autoimmune diseases (e.g., MS, Crohn disease, and celiac disease). 36, 37 However, we are unable to examine the association between RLS and death due to each of these disorders individually because of small numbers. When we excluded men ever reported as having major chronic conditions, such as CVD, obesity, obstructive pulmonary disease, pernicious anemia, ulcerative colitis Table 2 Risk of total mortality according to baseline restless legs syndrome status or Crohn disease, MS, and snoring every night, the association between RLS and total mortality remained significant, suggesting RLS could be a novel risk factor for total mortality, independent of these morbidities. Strengths of the present study include a large sample size and use of the standard IRLSSG diagnostic criteria, which has shown a relatively good sensitivity and specificity of RLS diagnosis. 15 In 2 previous studies of RLS and mortality in general populations, the total sample sizes were rather small (,6,000 for both) and the RLS was assessed using a single question. 12, 13 We also excluded 2 common mimics of RLS, diabetes and arthritis, in our primary analysis. In a recent study based on 4 cohorts from the United States and Germany, 14 RLS was not significantly associated with increased risks of all-cause mortality. However, the authors did not exclude individuals with diabetes and arthritis from their analysis and failed to consider the frequency of RLS symptoms in their main analysis. The discrepancy between our study and this published study 14 implies that adjustment for the diabetes and arthritis in the analysis as covariate may not be the best way to rule out the relevant misclassification. It would be of importance to consider frequency of RLS symptoms (i.e., severity) when we attempt to understand potential clinical implications of presence of RLS. Although we are not able to exclude 2 other common RLS mimics, 38 positional discomfort and leg cramps, there has been no reported evidence that these 2 conditions are associated with a higher total mortality. Other strengths of our study include detailed and repeated assessments of lifestyle risk factors and common chronic diseases over the course of follow-up. Another important strength is the high follow-up rate. In each 2-or 4-year cycle of the HPFS survey, follow-up rates have averaged 94%. 39 The follow-up for death in the HPFS is at least 98% complete.
Several limitations of the present study warrant consideration. Although the significant association between RLS and total mortality is consistently observed in the primary analysis and several sensitivity analyses, it must be emphasized that observational studies cannot prove Table 3 Stratified analysis of the association between RLS and total mortality causality, and residual confounding cannot be ruled out, although we controlled known risk factors in the analyses. To minimize potential residual confounding due to comorbidities of RLS, we conducted a secondary analysis by excluding participants with major chronic conditions and found that the RLS-mortality association was even stronger in this apparently health population. Secondly, we did not collect information on RLS medications except for benzodiazepines. However, because RLS is a highly underdiagnosed disease, with only 6%-10% of RLS cases having been diagnosed in Western counties, 40 we infer that few individuals in this sample were treated. The observed association between RLS and mortality did not materially change after excluding men using benzodiazepines. In this context, although we cannot rule out the possibility of residual confounding due to medications, it is unlikely to be a major source of bias.
Another limitation is that our cohort represents a relatively healthy group of mostly Caucasian men, and findings from this analysis might not be generalizable to other populations. However, the estimated 3.7% prevalence of RLS in the present sample is comparable to the general population (around 3% to 8% in men). 4, [6] [7] [8] The homogenous socioeconomic background in our cohort may minimize potential confounding due to educational attainment or differential access to health care. Our study is also limited by lack of objective measurements of iron deficiency, which has been shown to be associated with RLS. 35 In the current analyses, we thus employed use of iron-specific supplement and inadequate iron intake as surrogates of iron deficiency. Adjustment for these variables did not materially change the observed significant association between RLS and mortality. The results of this study indicate that men with RLS had a higher overall mortality, which highlights the clinical importance of RLS, a common but underrecognized disorder. Increasing awareness of RLS, especially training for health professions, should be encouraged if our findings are confirmed by future studies. W. Winkelman, A. Malhotra, J. Ma, X. Gao; provision of study materials or patients: J. Ma, X. Gao; statistical expertise: Y. Li, X. Gao; collection and assembly of data: J. Ma, X. Gao; obtaining of funding: X. Gao.
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